08/02/20JLLJJLHJL FAX 4153712201 DUANE MORRIS LLP SF WITH JMf 1 021 


: /CIAI 


RECEIVED 

HellerEhrman CEMTRALFAXC0JTER 

kTT0R " 6V - 9 . AUG 0 2 2004 

Nita J. Miller 

March 16, 2001 DimTlpt@hewm.coin 

(650) 324-7107 

w cj ^tuw., Main (650) 324-7000 

Eric K. Y. Chan, Ph.D. Our Ref.: 22963-1290 

Vice President, Product Development 

Cardima, Inc. 
47266 Benicia Street 
Fremont, CA 94538-7330 

Re; Draft U.S. Patent Application for _ TmfTF1} 

HELICALLY SHAPED ELECTROPHYSIOLOGY CATHETER 

Inventors: HiUetal. 
Dear Dr. Chan: 

Enclosed is a draft application for review by the inventors. Each of the inventors 
should carefully review the draft and provide us with their comments. In addition, each of toe 
inventors need to write-in their residence addiess and citizenship where indicated on the 
Notice to Inventors When Reviewing this Draft Application, 

We will finalize the application once we iaave received comments on the draft. Should 
you have questions, please call. 

Sincerely, 

Nita J. Miller 
Patent Assistant 

Enclosure 

287093 vOLSV (65STW-DOC) 
3/1 fi/01 10:54 AM (22963 .1290) 


Exhibit A 

HaUer B-man White 4 MeAulWk i» 275 MiddUrfiaW Ro 3 d Menlo Park. Ca^ia 94025-3316 www.hewn,.^ 


SanFrand5CO sni.onVaU.y Los Angeles tfcg. S^atde Prirt AM- Nav.Yo* Wa^n D.C. H^Kong 
Affiliated Cameluffi Offices: Milan Rome Pans Padua Naples 

PAGE 21/69 * RCVD AT ffl2«004 4:24:50 PM pastern Daylight Time] « SVR-.USPT0-EFXRF-1/9 « DNIS.8729306 » CSID:41 5371 2201 * DURATION (mm«s):17-26 


_08^/2004_l3i38_FAi 4153712201 DUANE MORRIS LLP SF ©022 

FadEK | Ship Manager | Label 7915 0215 7079 Page 1 of 1 


From: HELLER EHHMAN WHITE & J^HEE|W a *" 7 Siu , PEB'8 FEC'EX ACCOUNT # 

iMniinr 

Mento PoK, DS 94025 

To; Eric Chan, Ph.D. (510)354-0176 
Cardima, Inc. 
47266 Benicia Street 

Fremont, CA, 945387330 

R«f: 22963-1290 PMarWNMDler 


SHIP DATE: 16MAR01 
WEIGHT: 1 LBS 



THkTf915 0215 7079S38l 


STANDARD OVERN,G q^^ 


s^-ca-us yyfr HWDA 


MON 

AA 

Defiverby: 

19MAR01 




Shipping Label 



1 Use the "Print" feature from your browser to send mis page to your laser or inlget prater. 

\. ^SSSSSS^SSS^ro your shipment so mat the barcode pordon of the label can be 

read and scanned. n 
4. To print a receipt of your shipment, please click on "Shipping History. 


Ship a New Package 


U,c of *U system consuls your .sreemcnt to d. 3 crvi« c«U*» in tt. current f affix service Guttte. avaitablc upon rcquesL 

„ , , . . ~r rinn ™-Tiiw:faiM whether tin nsuttofliMO, dBmaga debv. norw^llvcry, misdelivery, or 

FedEx *fll ok r^ponHiblc fcr ony dn » 'JSffMSS: toutnent victual loWandfito aSnely claim. limitations found in ftc current 

FedEx Service Guide apply. Your right m recover ^ Fe^to my iok ^ lirni ind to the greater of S100 ortbe authorized declared 

b. fiiOd witM, strict tim e Umit, »* ™ PedE, Service Gu.de. 


. ^ ^ . „ „™ to „*,~«« ^ I- ~rAW\n -rr- _VIY__. I_„ 1 ~> 'I 6/2001 

PAGE 22/69 « RCVD AT 8^2/20044:24:50 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1« ' DN1S:8729306 » CS1D:41 S371 2201 • DURATION (mm-ss):17-26 


ns/ 02/2004 13 :39_FA^J153712201 


DUANE MORRIS LLP SF 


0)023 



From: 

Sent: 

To: 

Subject: 


Eric Chan [ericxhan^rdimacbm] 
Monday, April 23, 2001 5:19 PM 

Priscilla Mark 
Unipolar/Bipolar Usage 


CONFIDENTIAL 

RE: page 6 of patent application 

Serilr surfai of the patients body is used. 


\4u 

Jk*£ jL-i^J fv ^tivwi A£ (y a ^*7$ *m*i.4*v qMs*m* v *' it^t* 

*1u <rfilo\ 


mm 


08/02/2004_13iM. J^XJ1537 12201 DUANE. MORRIS LLP SF @024 


NOTICE TO INVENTORS WHEN REyiEWNO THIS DRAFT APPLICATION 

MM the sp.dflca.ton and Cairns and rev Ie w the drawings carefully to ensure that 
they describe and illustrate your invention. ; 

ortSSgns MJSI be disclosed in your application. 

WOTEtha. under U.S. patent law. » ^^SlS^tSSS: 

Kr;^ a X« - - pertnenoe - a 

reference, please provide it to us for evaluation. 

also NOTE that you have a duty to infonm the Patent Office of the following activities 

respect to the information; . 

(2) • any public use which was made of the invention; ;and 

(3) any sales activities offerings for sale of the invention. 

PLEASE advise us of any references or amities that should be reported to the Patent 
oS^^Sf *. application when the draft appl.cat.on ,s returned. 

According to our records, the INVENTOR^ for this application are: 
P.O. Box Address: (samp as ahove) 


Full Legal Name of Second and Joint Inventor: Alton I „ Mm — 

Residence Address: — — - ! ' . 

P.O. Box Address: (same as above) — 

Citizenship: . 

P.O. Box Address: t^me as afrgve) 1 

Citizenship:__££_£- 


P.O. Box Address: (same a§ afroyeY — ■- 

Cffizenship;__ . ; 

(650)324^7184, 

Title of invention: HELICALLY SHAPED ELECTROPHYS.OLOOY CATHETER 

Our Docket No. 22963-1290 
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„ r| rn . ■ v g „^ F n n.ECTROPHY«j lOl OftY CATHETER 

pir.KflROUNO OF ™ INVENTION 

This invention generally relates to the treatment of cardiac 
arrhythmia and particularly atrial fibrillation and atrial flutter. 

Atrial fibrillation is the disorganized depolarization of a patient's 
atrium with little or no effects atrial contraction. Prior methods for treating 
a patient's arrhythmia include the use of anti-arrhythmic drugs such as 
sodium and calcium channel blockers or drugs which reduce the Beta- 
adrenergic activity. Other methods Include surgically sectioning the origin 
of the signals causing the arrhythmia or the conducting pathway for such 
signals. However, the surgical technique is quite traumatic and is 
unacceptable to a large number of patients. A more frequently used 
technique to terminate the arrhythmia Involves destroying the heart tissue 
which causes the arrhythmia by ablative energy, e.g.. applying a laser 
beam or high frequency electrical energy such as RF or microwave energy, 
to a desired arrhythmogenic site or pathway on the patienf s endocardium. 
,n the latter method, Intravascular electrophysiological (6P) devices can be 
used to form lesions within a patient's atrial chamber to provide results 
similar to the surgical segregation techniques In terminating atrial 
fibrillation, but with significantly reduced trauma. 
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Typically, the EP device is advanced within a patient's vasculature 
and into a heart chamber, and a lesion is formed on the endocardium when 
RF electrical energy is emitted from electrodes of the device. RF ablation 
techniques produce lesions of a. small area, so that several lesions are 
5 typically formed to completely ablate an area. A major problem of RF 
ablation techniques is forming a lesion of the requisite size, which 
completely ablates the area of interest but does not unnecessarily destroy 

surrounding healthy tissue. 

What has been needed is an ablation device which allows for 
10 improved creation of lesions of a requisite shape. The present invention 
satisfies these and other needs. 

Qi IMMARY OF THE INVENTION 

This invention is directed to an electrophysiology (EP) device for 
ablating tissue within a patient's body lumen. The EP device of the 

15 invention generally comprises an elongated shaft having a distal shaft 
section with a helical shape and at least one electrode on an exterior 
portion thereof. One aspect of the invention comprises a method of 
performing a medical procedure, such as treating a patent for atrial 
arrhythmia, by forming a lesion using an EP device embodying features of 

20 the invention. 
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in one embodiment, the helical shape of the distal shaft section Is 
configured to conform to the inner diameter of a patient's body lumen, to 
form one or more lesions which extend around a wall defining the body 
lumen. Thus, the turns of the helical, distal shaft section have an outer 
5 diameter which is not significantly smaller or significantly larger than the 
inner diameter of the body lumen at the desired site of the lesion. In a 
presently preferred embodiment, the diameter of the turns is substantially 
equal to the inner diameter of the ; body lumen, so that the turns contact the 
wall defining the body lumen without significantly expanding and injuring 

10 the body lumen wall. 

In another embodiment, the distal shaft section has a proximal 
portion with a helical shape and. a distal portion with a noncoiled shape. 
The noncoiled distal portion, which thus is not wound into circular or 
spiraled configuration, in one presently preferred embodiment has a 
1 5 substantially straight shape. . The terminology "substantially straight* should 
be understood to mean a portion configured to extend in a line, although 
some minor variations in the shape of the portion may be present. In a 
presently preferred embodiment, sensing electrodes are provided on the 
noncoiled distal portion of the distal shaft section. The sensing electrodes 
20 can be used to map electrical activity in the region of the electrodes, or to 
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pi.ce the etectrical a<*v«y of a region of the patienfs anatomy such as the 
patienfs heart. 

in a presently preferred embodiment, the EP device has a core 
number extending w«hin the elongated shaft. The core member preferabiy 
, has a helically shaped distai sec«on to provide the bellca. shape to the 

«,» fp eathetef The core member may be fixed 
distal shaft section of the EP camerer. 

within the shaft, or alternatively, slidably disposed therein. In the 
embodiment in which the core member is slidably disposed within the shaft, 
a variety of different core members may be provided allowing me physician 
0 to choose a core member comprising a particuiarly suitable size, shape or 
material. Thus, an EP device with a.dlstal shaft section having a desired 
shape is provided by inserting a oore member having the desired shape 
therein. The core member may be provided with one or more Jackets, 
which may be electricaily insulating, having a total thickness of preferably 
15 less than about 0.001 inch (0.025 mm). 

The distal shaft section of the EP device is preferably reversibly 
aeformable from the helicaily shaped configuration to a lower profile 
configuration for advancement wrthir, the patienfs vasculature. In one 
embodiment, the EP.device of the invention is slidably disposed in the 
20 lumen of a guiding catheter, so that the radiai force of the guiding catheter 
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against the device — «*<~ tumS * ^ heBCalW *~* 
di3te , section to smalier d.ameter turns which m *■* «he guiding catheter. 
ln another embodiment, me turns of the he.ica.iy shaped dista. section a ra 
coloured to reve^biy co..apse compietely, so that me guiding catheter 
straitens the h«* shaped M sectfcn to a straight configured. 
Tne EP device dista. shaft section is thus constrained from assuming the 
expanded he.,ca, common u„«l the device is dispiaced out a dista, end 

of the guiding catheter. 

The one or more ablafion efectrcdes on the heiicaiiy shaped dista, 

e,ectncal energy, and preferably high frequency energy such as RF energy. 
ls emitted herefrom. .The abiaticn *.ec*ode(s> on the heiicaiiy shaped 
dls ta, shaft section may be a combina.cn abiaflon and sensing e.ec«rode. 
^ is capabie of abiation and deteCon of eiecmcal activity from within a 
.urnen o, the patient's body. In a presently preferred embodiment, the 
abla ,cn electrode cn the heiicaiiy shaped distal shaft sec«on Is a hellcai 
coi. for improved device flexibility, although other eiectrode designs are 
suitable including cylindrical bands, arcuate bands, ribbons or the UKe. A 
temperature sensor such as a thermocoupte may be provided on the EP 
device. ,n one embodiment, one or more sensing electrodes for mapping 
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and,or pa*ng are pro.de. on - ** ^^T^ 
he,ical,y shaped section. ^Ttf^T^. 

9 dW- J* l <"?L^nfiotSed for «»epolar use ~ 

5 electrodes on the EP device shaft^^configured wimm^ ^ 

V- t.ra^eWcirode^fe sha« but 

which is .n contact with the exterior surface of the patters body^ ^ 

„, the EP device is placed at an ostium or within a body lumeh at a desired 
location. The terminology "body lume," should be understood to include a 
variety of structures In the body, inCuding a Wood vessel and a heart 
chamber. Typical an EP device ***** comprising the EP device of 
the invent w«hin a guiding catheter is advanced within a patient body 
,umen to a desired location therein. The EP device distal shaft section is 
men deformed from the low profile configuration to the helical configuration 
by displacing the EP device relative to the guiding catheter so mat the 
distal shaft section of the device extends at least in part outside of the 
guiding catheter iumen in the body lumen. The helically shaped distal shaft 
section of the device contacts a wa,l defining the body lumen or ostium. 
The electrodes are then- used to detect electrical activity from within the 
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body , um ent 0d e teml ne lh e deS . re < ) s itefo r« a > e8 lon.Oneor m o re 
of the erodes on the heiicaiiy ^ped M ** s^on contact the 

<«very of ~«" b ** 3 f 

ln ner surface o, me body iumen. The iesion .ay be a he,**,* ^ped 
lesio n extendi spiral* a.on g a .eng., - the body ta-. or may be one 

configured to provide iesions particular* su«ab,e for treatment of atria, 
arrhyihmia inciuding atna, — or flutter, in one embodiment, a 
plura my o, discontinuous iesions are formed, which thus ftnfe or avoids the 
p oss.b,e disadvantageous resuits. such as stenosis formal and spasms 
ln the abiated region, which otherv/se occur from a continuous iesion 
extending around the fuli circumference of the ostium or body iumen. 

The EP device of the invention has a heiicaiiy shaped distal section. 
w nich aiiows for me formation of iesions extending in whole or in par, 
ar0 und the inner surface of a patient body iumen. The heiicaiiy shaped 
« section provides improved iesion formation within a body iumen due 
t0 me heiicai turns configured to conform to the body iumen inner dfcmete, 
Tne turns of the heiicaiiy shaped dista, shaft section can be moved cioser 
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tog e,her or further ape, within ~ ..ent to provide the desired ,s,on 
p^n, AddHtonaliy, the de.ce has a low profl.e conflgura.cn tor 

shap ed configured for easy of ***** - - P-* ^ ^ 

. other advances of the — wi,l become more apparent from the 
following detaiied description and the accompany exemplary drawings. 

nPPf pf ? r.RiPTlON OF THF nRAWtN<?§ 

Flg . 1 is an elevational view of an EP device embodying features of 
,„e invention, having a helically shaped distal shaft section. 

Flg . 2 is a transverse cross-sectiona, view of the EP devfce shown ,n 

Fig. 1 ■ taken along the lines 2-2. 

Flg 3 is an elevation*, view, partially In section, of an EP dev.ce 
assembly en*** features of the invent, i.,stra«ng an EP de,ce In 
a low profile configuration within a guiding catheter. 

Flg . 4 is an enlarged longitudinal cross-sertona. view of the EP 

• i teton alono. the lines 4-4, illustrating the 
device assembly shown in Fig. 3 taken along Tne 

EP device distal tip within the guiding catheter. 

pg 5 is an enlarged longitudinal cross-sectional vtew of the EP 
device assemb* shown in Flg. 3 taken along, the lines 5-5. »— g a. 
20 porttonoftheEPdevicedistaishaft^onwithinmeguidingcatheter. . 
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Fig .e i sa^ve r s e c r o SSS ec H on al v,ew 0fttl eEP d ev i ce aSS e m «y 

- rr.^ * taken along lines 6-6. 
shown ,n F,g. 5. taken ao ^ 

Fig 7 is a transverse cross sectronal view 

. « an EP device assembly embodying features of the 
embodiment of an EP dev.ce 

5 invention, ba.no a core wire slidab* * • -n , tbe devfce 

and an EP device assembly embodying features of the invention, with the 
distal end of the EP device transeptally positioned within a pulmonary vein. 

assemb.of.g.B.with.e.msofthehellcaliyshapeddista.shaftseC 

mo ved closer together in a stacKed configuration. • _ 

Flg 10 is an elevations! view of an alternative embodiment o, an 
device embodying features of me invention conning a dista, shaft 

with a noncoiled shape. 

EP deviceofFig.10,takenwlthincircle11. 

Fig 12 is an elevational view, partially in section, of the EP device of 
20 Fig. 10. Phoned in contact w*h a wall dining a pulmona. vein ostium, 
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*h the turns of the heilcally shaped distal shaft section moved dose, 
together in a stacked configuration. 

Fig 1 illustrates one embodiment of the EP devk* 10 of the 
5 invent, generally uprising an elongated shaft 11 having a P— 
sha ft section 12. a helically shaped d~ shaft section 13, and a piuraiity of 
electt odes 14 on the dista. shaft section 13. An electrica. connector 15 and 
an adapter 16 are on the P-ma, end of the device (Quezon: .» the^^ 
,„ 09 tra«on of .he proxhna. end adapter/connector correct in Fig. 
10 Fig. 2 i-lustrates a transverse cross section of the dista. end of the 
10 shown in Fig. 1. taken along lines 2-2. 

F |g 3 illustrates the EP device 10 within a guiding catheter 20 for 
.ntrcductton and advancement within the patient. The guiding catheter 
generaiiy comprises an elongated shaft 21 having a proximal end 22. a 
16 dista, end 23.' a port 24 in a proximal shaft section, a port 25 In a distal 
shaft section, and a lumen 26 extending within the shaft to the port In the 
oista. shaft section. As Illustrated in Fig. 3, the helically shaped distal shaft 
section of the EP device 10 is reversibly deformed from the hel.ca, 
configuration to a low profile configuration w«hin the lumen 26 o, the 
20 guiding carter, in the embodiment .ustrated in Fig, 3, with the EP device 

10 22963-1290 


08/02/ 20 04 13:42 F AX 4153712201 


DUANE MORRIS LLP SF Hi 037 


slidably disposed within guiding catheter lumen 26, the radial force of the 
guiding catheter 20 against the device reversibly straightens the helically 
shaped distal section to form a straight configuration. The helically shaped 
distal shaft section 13 is preferably self expanding, so that the EP device 
5 10 can be advanced out the distal end of the guiding catheter 20, or the 
guiding catheter 20 proximally retracted, causing the distal shaft section of 
the EP device to return to the helically shaped configuration illustrated in 
Fig. 1. In alternative embodiments (not shown), the helically shaped distal 
shaft section reversibly collapses to a helical shape with turns having a 
10 smaller outer diameter when the distal shaft section is within the guiding 
catheter lumen 26. 

In a presently preferred embodiment, the EP device 10 includes a 
core member 17 having a helically shaped distal section, disposed within 
the shaft 11. As best illustrated in Fig. 5, showing a longitudinal cross 
15 section of the of the EP device shown in Fig. 3, taken along lines 5-5, the 
shaft 11 comprises a tubular member 18 disposed about the core member 
17. The core member 17 extends within the tubular member to the distal 
end of the device, and the tubular member 18 is helically shaped by the 
core member therein. Fig. 6 illustrates a transverse cross section of the EP 
20 device shown in Fig. 5, taken along lines 6-6. 
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The core member 17 is preferably formed of a superelastlc material, 
such as a NiTi alloy, or stainless steel, and has a maximum diameter of 
about 0.01 inch (.25 mm) to about 0.01 8 inch (.46 mm). The core member 

17, and preferably a distal section thereof, may be tapered as shown in Fig. 
5 4, or optionally flattened. In a presently preferred embodiment, the core 

member has an insulating coating 30, such as a polyester or polyimide 
coating. The coating 30 is preferably about J^OOI inch <0tG25 mm) thick. 
In the embodiment illustrated in Fig. 4, coating 30 extends distally to a point 
distal to the shaft 11 distal end and proximal to the distal end of core 
10 member 17. In the embodiment illustrated in Figs. 5 and 6, the coating 30 
on the core member 17 contacts an inner surface of the tubular member 

18. The core member 17 is secured to the tubular member 18 by applying 
heat to the device to melt and fuse the tubular member to the core member 
coating. However, a variety of suitable means of securing the core 

1 5 member within the tubular member may be used, such as an adhesive (not 
shown) between the core member and the tubular member. In an 
alternative embodiment of the invention illustrated in Fig. 7, the core 
member 17 is slidably disposed within and removable from a lumen 19" of 
the tubular member. 
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As best illustrated in Fig. 4, a flexible coiled tip 27 is provided on the 
distal end of the EP device 10. The tip 27 has a closed distal end, and 
includes a flexible coil 28 extending boyond the distal end of the shaft 11 
enclosed within a soft coating 29 preferably formed of a polymeric material. 
5 In the embodiment illustrated in Fig. 4, the tip 27 has an open center 
region for increased flexibility. A presently preferred polymeric material for 
the tip 27 is a fluoropolymer such as THV available from 3M. In the 
embodiment illustrated in Fig. 4, the core member 17 is secured to the 
distal end of the coil 28, by suitable material such as gold-tin solder. In 
10 another embodiment of the invention, the coil 28 may be omitted, and the 
distal end of the EP device preferably provided with a soft tip to minimize 
traumatic engagement with a blood vessel wall. 

In the embodiment illustrated in Figs, 5 and 6, the electrodes 14 
comprise helical coils which are electrically connected to insulated 
15 electrical conductors 31. In a presently preferred embodiment, the EP 
device 10 shaft includes thermocouples 32, connected to temperature 
sensor electrical conductors 33 and 34 (i.e., thermocouple wires). 
Thermocouples are preferably located between adjacent electrodes on an 
outer surface of the shaft 11, although they may alternatively be at other 
20 locations on the EP device as is conventionally known. A conducting 
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member 35. such as a gold band, covers the thermocouples, and a 
pcymeric ,a*e. 36. preferably *»n- from THV, covers the conducting, 
member 35 and Insulates the thermocouple 32 from noise (e.g. RF noise) 
prfesentasaresultofmeenergysenttothee.ectrodes. In the embodiment 
5 iliustrated in Fig. 5, the eiectrical conductors 31 and thermocouple wires 
33. 34 are braided within the tubular member 18. In an alternative 
embodiment (not shown), the individual* insured electrical conductors 
n^y be within the tubular member .umen 19 or at least In part within an 
outer jacket of me core member in the embodiment in which the core 
,0 member is secured to the fe.bu.ar member. The proximal ends of the 
electrica. conductors 31 and thermocouple wires 33, 34 are electrically 
connected to individual pins of multi-pin connector 15 (Fig. 1) on the 

proximal end of the shaft. 

In a method of treating a patient for atrial fibrillation or flutter, the EP 
15 device of the invention is used to form a lesion extending around an inner 
surface of the patient's pulmonary vein. Fig. 8 illustrates an assembly in a 
patient's heart 40, with the EP device 10 in a pulmonary vein 41. The 
device 10 is introduced into the patient's vascular system, e.g. the femoral 
vein, percutaneously or by way of a cut-down, within the guiding catheter 
20 20. The assembly is preferably advanced into the right atrium 42 from the 
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inferior vena cava 43, and positioned in the left atrium 44 transeptally, as 
illustrated in Fig. 8. The EP device 1 0 distal section extends out of the port 
in the distal end of the guiding catheter, so that the helically shaped distal 
shaft section of the device is positioned within the pulmonary vein 41 of the 
5 heart. The pulmonary vein 41 is mapped using electrodes on the device 
10, and if a pulmonary vein potential is detected, the electrodes on the 
distal shaft section are used to form si lesion(s) extending at least in part 
around the wall defining the pulmonary vein lumen, ^The position of the 
lesion is preferably chosen to interrupt the conduction path to the atrium. 
10 Alternatively, the lesion may be located to ablate the actual focal origin In 
the pulmonary vein. 

Typically, RF current is delivered to one or two electrodes to perform 
a first ablation and then to adjacent electrodes, one or two electrodes at a 
time, until an ablation of desired 'length is obtained in the body lumen. This 
15 , reduces the overall power requirements for the assembly. The 
temperature sensors can be used to detect the temperature of the heart 
wall between the adjacent electrodes, to control the high frequency energy 
and determine when the lesions formsd by adjacent electrodes overlap to 
form continuous lesions on the wall defining the body lumen. Additionally, 
20 feedback of the temperature data can be used to modulate the power and 
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prevent thrombus in the preferred use, and cooling fluid can also be used. 
After the ablation, the electrodes 14 can be employed to detect electrical 
activity to ensure that the ablation has been effective in terminating the 
fibrillation or flutter. Typically, the procedure is performed for the left and 
5 right, superior and inferior pulmonary veins. 

The BP device of the invention can be used to form either a helical 
lesion aTa closed circular lesion^ For example, in the embodiment 
illustrated in Fig. 8, a helical lesion on the body lumen wall can be formed 
by delivering RF energy to the electrodes which as illustrated are 
10 contacting the pulmonary vein wall in a helical array. Typically, the helical 
lesion is formed to extend continuously along the body lumen wall, wherein 
the individual lesions formed by the longitudinally adjacent electrodes on 
the shafroverlap to produce one continuous lesion. The helical lesion 
comprises a spiral having a distal, end, and a proximal end longitudinally 
15 spaced from the distal end of the spiral. In an alternative embodiment of 
the invention, the lesion formed extends in a closed circle around the body 
lumen wall, i.e., a lesion having ends that close together to form a circle. A 
closed circle lesion can be formed by displacing the device distal section to 
change the electrode position on the body lumen wall after an initial lesion 
20 is formed. For example, in one embodiment of the method of forming a 
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closed circular lesion, a helically shaped lesion is first formed on the body 
lumen wall, and then the helically shaped distal shaft section of the EP 
device is rotated or longitudinally displaced proximally or distally, and a 
second lesion which overlaps with the first lesion is formed, to thereby form 
5 at least one closed circular lesion. Amatively, as illustrated in Fig. 9, the 
helically shaped distal shaft section of the EP device can be provided with 
closely spaced, stacked adjacent turns which facilitate the formation of a 
closed circle lesion. — ® <t*cix>±*A [ C^ c 

The spacing between adjacent turns of the helically shaped distal 
1 o shaft section can be changed by the physician during deployment of the EP 
device within the body lumen. To increase the spacing between the helical 
turns of the device, the distal extremity of the EP device is displaced out of 
the distal end of the guiding catheter so that it is placed in contact with the 
body lumen wall. The guiding catheter is displaced proximally, while a 
15 proximal portion of the EP device is displaced proximally to stretch the 
turns of the helically shaped distal shaft section apart, so that the portion of 
the EP device distal shaft section that Is still inside the guiding catheter is 
deployed therefrom with itie spacing between the turns increased. 
Similarly the spacing between the turns may be decreased by retracting the 
20 guiding catheter proximal* while a proximal portion of the device is 
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displaced distally, to stack the turns of the he.ically shaped dista. shaft 
section together. 

Fig. 10 illustrates an alternative embodiment of an EP device 110 
which embodies features of the invention, generally comprising an 
elongated shaft 111 having a proximal shaft section 112. a distal shaft 
section 113. and a plurality of electees 114 on the distal shaft section 
113. An electrical connector 115 is on the proximal end of the device 110. 
The distal shaft section 113 comprises a proximal portion 116 with a helical 
shape having one or more turns, and a distal portion 117 extending from 
the proximal portion with a noncoiled shape. In the embodiment illustrated 
in Fig. 10, the noncoiled distal portion 117 has a straight shape with an 
outer surface aligned or parallel with an outer surface of the proximal shaft 
section 112. The electrodes 114 on the helically shaped proximal portion 
preferably comprise coiled electrodes, and temperature sensors 118 are 
1 5 located between the coiled electrodes 114, preferably on an outer surface 
of the shaft, as discussed above in relation to the embodiment of Fig. 1 . In 
a presently preferred embodiment, each electrode 114 has a length of 
about 3 to about 6 mm. Although 5 electrodes 114 are illustrated in Fig. 
10, the number of electrodes 114 may vary, and in a presently preferred 
20 embodiment, about 8 electrodes are provided on EP device 1 10. A pair of 
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sensing electrodes 119 for mapping and/or pacing are on the distal portion 
117 of the distal shaft section. In an alternative embodiment (not shown) at 
least a second pair of sens^e^c^otes 1 1 9 may be provided on the shaft 
proximal to the helically shaped proximal portion 116. The sensing * f>*^ 
5 electrodes are preferably spaced away from the helically coiled section 
116, and in one embodiment are about 1 to about 3 cm, preferably about 

1 5 jo about 2 cm fro. , the^.icaUy ^^^"^^^^ 
~ ^bfeX a^Sitrodes 114^1he^en1ing electrodes 119 ^ 

A flexib,e coi,ed tlp 

10 120 is secured to the distal end of the .distal portion 117, to facilrtate guiding 
the EP device to a desired location within the patient. In a presently 
preferred embodiment, the tip. coil 120 is about 1 to about 3 cm, most 
preferably about 2 cm in length, and Is formed of a radiopaque metal such 
as platinum. 

15 The turns of the helical proximal section 116 are illustrated in a 

relaxed configuration in Fig. 10. However, the turns of the helical proximal 
section 1 1 6 can be moved closer together or further apart within the patient 
by urging the proximal end of the catheter distally or proximaily, 
respectively, with the distal end of the catheter In a stabilized position 
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wHhin the patient and as discussed above in relation to the embodiment of 
Fig- 1. 

Each electrode 114 Is spaced apart from one or more adjacent 
electees 114 on the shaft 111. I.e., me electrodes 114 extend 
5 discontinuous* a,ong the shaft However, depending on the duration and 
power leve, used during an ablatton procedure, the lesion(s) formed by 
electrodes 114 can be discontinuous or altemativety. can be joined 

together and thus continuous. 

In the embodiment illustrated in Fig. 10, the helical proximal portion 

10 116 forms one ful, 360- loop ^H*^*»«He^ • 

purred embodiment, about S~ M 360" loco/ ^ 

provided, although the number of bop. may vary. Because the proximal 
person 1 16 is helica., a proximal section of the 360° loop is longitudinally 
spaced apart from the distal section thereof which completes the 
15 . circumference of the loop in the relaxed configuration illustrated in Fig. 10. 
Consequently, the helical proximal portion forms at least one open or 
helical 360' loop in the relaxed configuration, and the electrodes 114 
thereon form an open or helical 360°, discontinuous loop. The 
circumference of one 360° loop of the helically proximal portion 116 varies 
20 depending on the desired use of the EP device. In a presently preferred 
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embodiment, the circumference of one 360- loop is aboutytfmm to about 
<& mm, preferably about > mm to about * mm. Depending on the 
circumference of the loop and the number and length of the electrodes 1 14, 
the electrodes 114 may or may not extend the length of one or more 360* 
5 loops, in a presently preferred embodiment, the electrodes 114 extend 
along the length of at least one 360* loop of the helical proximal portion 

116 , so that the erodes can to^g™ ^ ^ — * * 
continuous, er discontinuous,^' loop (Question: is this correct). 
However, in alternative embodiments, the helical proximal portion 116 has 
10 a partial loop of less than 360* (not shown), or the electrode number or 
length is sufficiently small such that lha electrodes extend along a length of 
a partial loop of less than 360° on the helical proximal portion. 

Fig. 11 illustrates an enlarged, longitudinal cross sectional view of 
the distalend of the device 110, taken within circle 1 1 . As illustrated in Fig. 
15 11, the shaft 11.1 comprises a tubular member 121, having braided 
electrical conductors 122 in the wall of the tubular member 121, and having 
a core member 123 in a lumen of the tubular member 121. In the 
embodiment illustrated in Fig. 11, the core member 123 is secured to the 
flexible coiled tip 120. An outer layer 124 on an outer surface of the tubular 
20 member 121 overlaps the ends of the sensing electrodes 119. 
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HB 12 illustrates the device 110 v*h the he.Ka.-y coiled P— 

pu „ arte* which fern* the function between the pulmonary artery 
a^ghtatnumofmepetlenVsheart As illustrated in Fig. 12, the turns 
of the he.ica,,y shaped proximal porton 116 are in a stacKed conjuration 

8hwm in Fig. 10. by dis«y forcing me — r against the wa,l def,n,ng 
^ osaum 0, the p« artery. As a resui, the eiectrcdes 1 14 extend 
d , 8 con«nucus ly .comp te te,y around the ostium. High frequency energy is 
, deifcered to one or more of the eiectrcdes 1 14 to form a iesion extending at 

continuous or a discontinuous circular lesion depending on the energy .eve, 
and the -ength of time o, the ablation.and hy rotating the catheter one or 
. more times between delWery of ab.*n energy to electrodes 114. As 
)5 iiiustrated in Fig. 12. me dista, po*n 117 of the dista, shaft sec«on is 
posted within the pu,monary vein 41 , to a,.ow for mapping and/or paang 
from within the pulmonary vein. Thus, the sensing decides a.,ow for 
sensing etectrtca. actMty before and after me ablation energy is deWered 
to electrodes 1 14. to determine the appropriate iocation of the device, and 
20 whether me ieslons formed .herefrom sufficient treated me atna, 
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arrhythmia. Although not illustrated, in one embodiment of performing a 
medical procedure, the helically shaped proximal portion 116, and the 
distal portion 117 of the EP device 110 are both positioned within the 
pulmonary vein 41 , similar to the embodiment illustrated in Figs. 8 end 9. 
s in a presently preferred method of the invention, the lesion 
comprises <^ tton: is » « ° r ® ^ 

^ (MMfin4rahm!r ^^^ Typically, the lesion tWt 

formed with the EP device 1 0/1 10 of the present invention has a width of 

10 about 3L. to about 1 mm. preferably about _jl to about 

if mm. AESaSlSon extending^along a J^of the body lumen 

has a length of about _J_ to about JSL mm, preferably about _£ 

to about S.O . mm. Preferably, in the embodiment in which a plurality of 
closed circle lesions are formed on the body lumen wall the lesions are 
15 formed Je^^^bo^ 

The EP device 10/110 has a total length, Including the connector 16, 
of about 100 cm to about 200 cm, and preferably between 150 and 180, 
e.g. about 165 cm. The length of the distal shaft section 13/113 having 
20 e iectrodes14/1l4isabout2cmtoabout15cm,and P referablyabout4to 
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about 8 cm. e.g: about 6 cm. The outer diameter of the distal shaft section 
of the device is typically about 1.0 mm (3.0 French) to about 2.0 mm (6.0 
French), end preferably about 1.3 mm (4 French) to about 1.7 mm (5 
French). The maximum outer dimensions of the electrodes are generally 
about 1 .0 mm (3 Fr) to about 1 .3 mm (4 Fr), and preferaWy about L22 mm 
(3.7 Fr). The electrode length is about 2 mm to about 8 mm, and 
preferably about 4 to about 7 mm, e.g. about 6 mm. The interelectrode 
spacing Is generally about 1 mm to about 3 mm, and preferably about 2 
mm. 1n a presently preferred embodiment, the Interelectrode spacing Is 
uniform. However, the electrode spacing may alternatively be nonuniform, 
in a presently preferred embodiment, about 4 to about 12 individual 
electrodes are provided on the shaft distal section, however, the device 
may have larger number of electrodes if the diameter of the distal section is 

increased to greater than 5 Fr. 

Typically, the device is used within the patient's vasculature, 
although it may also be used to create lesions within other body lumens. 
The device may be advanced retrogradely through the aorta and left 
ventricle via a femoral artery access site. As illustrated in Fig. 8, the 
guiding catheter may have a bent or deflectable distal end. Torquing the 
20 proximal section 22 of the guiding catheter, which extends out of the 
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patient during the procedure, wi.1 cause the distal section thereof to be 
rotatably dispiaced within the body iumen and allow the EP device 10 to be 

properly positioned. 

To the extent not a.ready discussed herein, the EP device 
5 components can be formed of conventional materia*. The core member 
17 /123 can be formed of a variety of suitable materials including high 
spring-back metais. or superelastic metals, or shape memory metals, such 
as ELGILOY availabie from Carpenter Technology of Pennsylvania, 
MP35N. available from SPS Technologies, high tensile strength stee. 
10 including 304 vacuum-meKed steel, and titanium alloys including Ti-GAi- 

4V, C p Titanium, and NiTi. 

The electrical connector 14 on me proximal end of the device may be 
a commercially available e.ectrical connector such as Part No. PAB-M08- 
GLA39J or PAB-M08-TLA39J for an eight pin connector or Part No. PAB- 
15 M 08-GLA39Aforaconnectorwithag re aternumberofp'.ns,e.g.9-16. The 

above connectors are available from Lemo USA, Inc. in Santa Rosa, CA. 
Suitable connectors for accessory cables electable to the above 
connectors Include PRB-M08-GLL65J for eight pin connectors and PRB- 
M08-GII65A for connectors with more than eight pins. The latter 
20 connectors are also available from the same source. 
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. has been described herein in terms of certain 
While the invention has been ae 5 « 

> «*i directed to the detection and treatment of atnal 
oreferred embodiments direciea xo 

thosesldlledintheartwilirecognizethatthelnventon 
fibrillation and flutter, those stalled in 

may bB employed >n a wide variety of proceed A vanety of 
may be em P invention 
^cations and improvements may be made to the p 

* the scope thereof. Moreover, although lnd,v,dual 
without departing from the scope tne 

t - rt m ou hf» shown or discussed in 
features of embodiments of the Invenbon may be shown 

h „„* in others those skilled in the 
(e , ato n to some of the embodiments and not ,n others. 

,„ . fa»ti,ras of one embodiment of the 
art will recognize that IndMdual features 

~, oil thP features- of another 
MM can be combined with any or all the 

embodiment. 


CARDIMA CONFIDENTIAL 
DO NOT REPRODUCE WITHOUT PERMISSION 


26 22963-1290 


PAGE 53/69 * RCVD AT 8^2004 4:24:50 PM pastern Daylight Time] SVR.USPT0-EPXRP w 


„, p*t il«712201 DUANE MORRIS LLP SF 61054 

08/02/2004 13, 47 FAX 415371Z^ui 


10 


WHfl T ,ft rl AIMEP IS: 

L An electrophysiology device for use in a parents body lumen. 

comprising: 

a) an elongated shaft having a proximal end. a distal end. 
and a distal shaft section with a helical shape having one or more 
.urps configured to conform to an inner diameter of the body lumen; 

and 

b) at least one electrode on an exterior portion of the distal 
shaft section. 

, 2 . The device of claim 1 wherein the turns of the heiically shaped 

Mi*m*i*r substantially equal to a diameter of the 
distal shaft section have a diameter substantially h 

body lumen. 

ru. ^ 3 The device of claim 1 wherein the he.ically shaped distal shaft 
tffT^^A ot.ms ha^ng substanfc* e<,ua, diameters. 

4. The device of dalm 1 wherein the shaft comprises a tubular 
member disposed about a core member. 

5 . The device of claim 4 wherein, the core member has distal 
section having a helical shape. 
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6. The device of claim 4 wherein the core member comprise? a 
NiTi alloy. 

7. The device of claim 4 wherein the shaft has a lumen extending 
therein configured to slldably receive the core member. 

5 8. The device of claim 1 including a plurality of sensing ^nd 

ablation electrodes on the distal shaft section. 

I 

9. The device of claim 1 wherein the distal shaft section inches 
a proximal portion having the helical shape, and a distal portion extending 
from the proximal portion with a noncoiled shape. j 
10 10 . The device of claim 9 wherein the distal portion hal a 

! 

substantially straight shape. j 

i 

1 1 The device of claim 9 including a flexible coiled tip extending 
from the distal end of the proximal portion. j 

1 2. An electrophysiology device, comprising: 

a) an elongated shaft having a proximal end, a distal end, 
and a distal shaft section having a proximal portion with a helical 
shape having one or more turns, and a noncoiled distal portion; and 
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b) at least one electrode on an exterior portion of the dlfM 
shaft section. 

i 

13. The device of claim 12 wherein the distal portion ha^ a 

I 

substantially straight shape. j 

i 

14. The device of claim 12 wherein *e at least one electrode H on 

i 

the helical proximal portion. 

15. The device of claim 12 including at least one electrode on the 

I 
i 

distal portion. j 

16. The device of claim 12 having a plurality of ablation electrons 
on the helical proximal portion, and at least t*o sensing electrodes on the 

i 

I 

distal portion. j 

i 

17 . The device of claim 16 including at least Wo sending « 
r <J^ electrodes on a F— . section of the shaft located proximal to the hejical 

proximal portion. 

15 18 The device of claim 12 including a flexible coiled tip extending 

from a distal end of the distal portion. j 

19. The device of claim 12 wherein the distal portion has a length 

t 

of about ££_ to about 9Q_ mm. | 
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20. The <tev.ce o, Cain, 12 wherein •» ne.iea. P™*- P-*« 
hasalenglhofaboutjltoaboutl^mm 

21 ^method of performing a medical procedure. compns,ng. 
a) providing an electrophysiology device, comprising 

an elongated shaft having a proximal end, a distal end. 
and a dista. shaft section having a proximal porUon with a 
helica, shape having one or more turns and a dista, portion 

with a noncolled shape; and 

at ieast one electrode on an exterior portion of the 

helical proximal portion; aid 

b) posting at least a sec«on of the heiica. proximal 
portion ,n contact with a wal, defining an ostium of a events body 
lumen; and 

c) delivering high frequency energy to the elerfrodes to 
15 form a lesion. 

22 The method of claim 21 including after (b). moving the turns of 
■ th e helica. prcxima, pon.cn cioser to«ether by d,ta,ly for^ng the catheter 
against the wall defining the ostium. 
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23. The method of claim 21 wherein the ostium is a junction of a 
pulmonary vein with a left atrium, and (c) composes forming a plurality of 
discontinuous lesions around the ostium. 

24. The method of claim 21 v/herein the ostium is a junction of a 
pulmonary vein with a left atrium, and the device has at least one sensing 
e.ectrode on the distal portion, and including mapping the pulmonary vein 
by sensing electrical activity with the sensing electrode. 

25. A method of performing a medical procedure, comprising: 
a) providing an electrophysiology device, comprising 

j) an elongated shaft having a proximal end, a distal 
end, and a distal shaft section witl> a helical shape having one 
or more turns configured to conform to an inner diameter of a 
body lumen of the patient; and 

H) at least one electrode on an exterior portion of the 

15 distal shaft section; 

b) positioning the device within the body lumen, so that the 
electrodes contact a wall defining the body lumen; and 

c) delivering high frequency energy to the electrodes on 
the device to form a lesion extending at least in part around the wall 

20 defining the body lumen. 
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26. The method of claim 25 wherein the medical procedure is 
treating a patient for atrial arrhythmia and (b) comprises positioning the 
device in a pulmonary vein. 

27. The method of claim 26 wherein the device has a plurality of 
erodes on the helical dista! shaft sect.cn, and ^udingjorm^ . ^ 
pinny of discontinuous lesions extending in a helical^attern along a 

iength of the pulmonary vein. 

28. The method of claim 26 wherein the device has a plurality of 
electrodes on the helical distal shaft section, and including forming a 
p, ura .ity of .esions connected toge*er to form a continuous lesion 
extending in a helical pattern along a length of the pulmonary vein. 

29. The method of claim 25 wherein the device has a plurality of 
electrodes on the helical distal shaft section, and including after (c), moving 
the turns of the helical distal shaft section closer together and delivering 
high frequency energy to at least one electrode on the helical distal shaft 
section to form a second lesion continues with the first lesion. 

30. The method of claim 26 wherein the device distal shaft section 
includes a proximal portion with the helical shape having a plurality of 
ablation electrodes; and a distal portion extending from the proximal portion 
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^ . noncoiied shape having at .east one sensing e,e<*ode. «±- 
^ and inciuding mapping the pulmonary vein by sensing eiectnca, 
activity with the sensing electee, ^ 
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ABSTRACT OF THE DISCLOSURE 

An electrophysiology (EP) device, suitable for ablating tissue within a 
patient's body lumen. The EP device of the invention generally comprises 
an elongated shaft having a distal shaft section with a helical shape and at 
least one electrode on an exterior portion thereof. One aspect of the 
invention comprises a method of performing a medical procedure, such as 
treating a patient for atrial arrhythmia, by forming a lesion using an EP 
device embodying features of the invention. 
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